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X-RAY ABSORPTION SPECTROSCOPY 
 
 This work is focused on utilizing the synchrotron-based x-ray absorption 
spectroscopy (XAS) to pin-point the atomic location of doping atoms in nano-
crystalline materials. Three systems of materials were selected for the investigation 
namely: S-doped TiO2, Mn-doped BaTiO3, and Fe-doped CeO2. Characterizations of 
these nano-crystalline materials by standard methods failed to give satisfying result. 
On the other hand, XAS was shown to be the method of choice. 
 In S-doped TiO2 photo-catalytic nanocrystal system, it was shown that the 
majority of sulfur atoms are in the form of (SO4)2-, possibly attached to the surface of 
nanocrystals. The trace of TiSxO2-x alloys was undetected. This finding is contradicted 
to the standard believe in the major photo catalytic community.  
 In the study of Mn-doped BaTiO3 nano-crystalline ferroelectric powder, the 
origin of hexagonal domains in Mn-doped BaTiO3 ferroelectric powder was 
investigated. Mn atoms were found to reside in Ti(1) and Ti(2) hexagonal sites of 
BaTiO3 regardless of what Mn concentration was. This suggests that Mn is the key 
component that induce the formation of sub-nano hexagonal domains in Mn-doped 




 For the investigation of Fe-doped CeO2 oxide based diluted magnetic 
semiconductor nanocrystals, it was found that Fe atoms were in the form of Fe2O3 
sub-nano domains in Fe-doped CeO2 nanocrystalline samples. This finding suggests 
that the explanation of the room temperature ferromagnetic behavior of this oxide 
based diluted magnetic semiconductor should include the existing of Fe2O3 sub-nano 
domains.  
 From the results obtained from the three systems, it was demonstrated that the 
synchrotron-based XAS is suitable for the investigation of atomic location of the 
interested dopants in nanocrystal materials. It is concluded that, in special 
applications, XAS (when coupled with suitable calculation) provide more advantages 
such as better structural detection limit and better resolving resolution, over the 
standard characterization methods such as XRD and TEM.    
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